The annual survey of The Japanese Society for Dialysis Therapy Renal Data Registry (JRDR) was conducted for 4396 dialysis facilities at the end of 2016, among which 4336 facilities (98.6%) responded. The response rate of the 2016 survey was comparable with the past, even though it was the second year after the new anonymization method. The number of chronic dialysis patients in Japan continues to increase every year; it has reached 329,609 at the end of 2016. The mean age was 68.15 years. The prevalence rate was 2597 patients per million population. Diabetic nephropathy was the most common primary disease among the prevalent dialysis patients (38.8%), followed by chronic glomerulonephritis (28.8%) and nephrosclerosis (9.9%). The rate of diabetic nephropathy and nephrosclerosis has been increasing year by year, whereas that of chronic glomerulonephritis was declining. The number of incident dialysis patients during 2016 was 39,344; it has remained stable since 2008. The average age was 69.40 years, and diabetic nephropathy (43.2%) was the most common cause in the incident dialysis patients. These patients caused by diabetes did not change in number for recent several years. Thirty-one thousand six hundred eight patients died in 2016; the crude mortality rate was 9.7%. The patients treated by hemodiafiltration (HDF) have been increasing rapidly from the revision of medical reimbursement for HDF therapy in 2012. It has attained 76,836 patients at the end of 2016, which were 21,503 greater than that in 2015. The number of peritoneal dialysis (PD) patients was 9021 in 2016, which had been slightly decreasing since 2014; 20.3% of PD patients treated in the combination of hemodialysis (HD) or HDF therapy. Six hundred thirty-five patients were treated by home HD therapy at the end of 2016; it increased by 63 from 2015.
Introduction
The Japanese Society for Dialysis Therapy (JSDT) has been conducting a survey on the status of chronic dialysis therapy in Japan at the end of every year since 1968; this survey, known as the JSDT Renal Data Registry (JRDR), covers almost all dialysis facilities throughout the country [1, 2] . Although participating facilities are not compensated, the nearly 100% response rate means that the JSDR is largely complete and literally unbiased representation of the status of chronic dialysis in Japan, making it rather rare in the world.
Until the 2013 JRDR results were reported, there were two types of JRDR reports: prompt (unfixed) data of collected results reported at the annual meeting of the JSDT held every June and defined (fixed) data subjected to subsequent data cleaning. The prompt (unfixed) data were used to prepare "An Overview of Regular Dialysis Treatment in Japan, the Illustrated Report," which was distributed at the annual meeting. The defined (fixed) data were used to produce "An Overview of Regular Dialysis Treatment in Japan, the CD-ROM Report," which was distributed at the end of the year to all member facilities of the JSDT or other facilities that participated in the JRDR. In addition, a status report for the second preceding year was prepared from the defined (fixed) data and published every January in Journal of the Japanese Society for Dialysis Therapy. The results in this report served as the society's official numbers, although the numbers in the Illustrated Report were cited far more often in various settings. In addition, in the 2010s, the increase in the number of dialysis patients has slowed; in fact, the number is predicted to begin decreasing within a few years [3] . This meant that the defined (fixed) data would sometimes indicate that the numbers of dialysis patients were still increasing even if they had decreased in the prompt (unfixed) data, which could easily cause major confusion. Thus, starting with the 2014 JRDR results, the production of the Illustrated Report from the prompt (unfixed) data was discontinued, and both the Illustrated Report and CD-ROM are now prepared from the defined (fixed) data instead [4] . The Illustrated Report is now distributed at the end of the year to each dialysis facility, with the CD-ROM included in its back cover. (For reasons relating to administrative procedures, "An Overview of Regular Dialysis Treatment in Japan, the CD-ROM Report" for 2016 was sent separately.)
In December 2014, the Ethical Guidelines for Medical and Health Research Involving Human Subjects, which was issued by the Ministry of Health, Labour and Welfare and the Ministry of Education, Culture, Sports, Science, and Technology, demanded that all academic societies strictly follow ethical considerations and protect personal information in epidemiological research [5] . The JSDT has also changed its survey methods based on these guidelines; starting with the 2015 JRDR, anonymity has been enhanced to ensure the protection of personal information. Furthermore, the JRDR was The above data were obtained from the facility survey PD + HD patients patients treated by the combination of PD and HD, HDF, hemoadsorption, or hemofiltration (excluding those who underwent only peritoneal lavage) The low response rate in 1989 caused a dip in facility or dialysis machine numbers. The above data were obtained from the patient survey Abbreviations: year/year compared with the previous year reviewed in March 2015 by an ethics committee (JSDT Ethics Committee approval no. 1) to ensure ethical validity, fairness, and transparency of the survey. Following the conclusion of the abovementioned ethics review, the revised survey methods were then published in the UMIN (University hospital Medical Information Network) Clinical Trials Registry (UMIN000018641), and the review results were posted on the JSDT website [6] . Enhanced anonymization consisted of a system wherein patient information was converted to a random string of alphanumeric characters using a special algorithm, and the correspondence tables for retrieving the real names of patients were held by dialysis facilities; hence, even the JSDT main office could not retrieve patient information. The 2016 JRDR, which represented the second year of complete anonymization, involved two major issues: whether the facilities would be able to properly retrieve the anonymously distributed data and whether the secretariat would be able to properly compare the anonymized 2015 and 2016 data. Fortunately, the response rate was nearly identical to that in previous years, and we were able to publish the Illustrated Report and this Annual Report just as in previous years. We were reminded of the sincere attitude toward dialysis treatment exhibited Table 3 Adjusted prevalent dialysis patient counts (pmp), 1983-2016 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 The low response rate in 1989 caused a dip in facility or dialysis machine numbers. The above data were obtained from the patient survey Abbreviations: pmp per million population, year/year compared with the previous year by all those involved in it in Japan, as well as their trust in and expectations of the JSDT.
Survey methods

Sending and collecting surveys
There are two types of JRDR annual surveys: facility surveys that include questions about the numbers of dialysis consoles, staff, and patients; and patient surveys that include questions about dialysis prescriptions, laboratory data, and outcome factors for individual patients at dialysis facilities. For the 2016 JRDR, USB flash drives containing facility surveys and patient surveys (the latter of which contained anonymized patient information) prepared in Excel were mailed to dialysis facilities throughout Japan in December 2016. The patient surveys included patient information that had been registered in the previous year and anonymized using the method adopted in the previous year. Each dialysis facility used a USB flash drive containing correspondence tables that had been mailed to them in 2015 in order to retrieve the patients' real names so that data such as the survival, death, or transfer of patients could be updated. Furthermore, new patients were registered, and the USB flash drive with the correspondence table was once again used to anonymize the information once entries for all patients were complete. After the anonymization, patient information in the surveys (name, sex, date of birth, etc.) was converted into random strings of alphanumeric characters of a fixed length. Each dialysis facility returned only the USB flash drive with the survey to the JSDT main office after confirming that patients' personal information had been completely anonymized. Paperbased surveys, which had been used until 2014, were discontinued in 2015; therefore, paper-based surveys were used only for certain facilities. The initial deadline for data was January 31, 2017; however, facilities that had not responded by then were urged to participate, and the final responses were collected on June 30. These data were incorporated into the 2016 year-end data.
Survey items
The items listed below were investigated in the 2016 JRDR. As described above, the 2016 JRDR was the second survey to incorporate enhanced anonymization. Hence, new topical survey items were not incorporated, and the contents were nearly identical to those of the 2014 and 2015 JRDR. In addition, all survey items used until 2016 are included in the members-only pages of the JSDT website (http://www.jsdt.or.jp/).
Facility survey
1. Overview and scope of facilities Name and contact numbers (TEL, FAX) of facility, as well as the year and month when the facility started providing dialysis treatment Dialysis capabilities: Capacity for simultaneous hemodialysis (HD) treatments, maximum capacity for HD treatments, and number of dialysis consoles 
2596.7
The above data were obtained from the facility survey. The numbers of dialysis patients were adjusted as per million population (pmp) by the annual government report. Reference [10] Number of workers involved in dialysis treatment (e. 1983-2016 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 The above data were obtained from the patient survey 
Methods for publishing JRDR results and an overview of this report
Until the 2013 edition, the JRDR annual report was published in Japanese in every January issue of the Journal of the Japanese Society for Dialysis Therapy, and a translated version was published in Therapeutic Apheresis and Dialysis (TAD). In TAD, survey results were mostly reported in tables owing to page limitations, whereas the Illustrated Report, as per its name, provided an explanation through figures. PDFs of TAD papers and the Illustrated Reports, as well as their figures (in the form of PowerPoint files), can be downloaded from the JSDT website. However, the figures in the Illustrated Reports were used more often. In contrast, countries other than Japan have been requesting that the results of the JRDR be published in a form that people worldwide may easily use. Because of such circumstances, the English-language annual report has been published in Renal Replacement Therapy (RRT) since the report for 2014 [7, 8] . We expect that the PDF of the English-language annual report, an English translation of the figures as a PowerPoint file, and an Excel file of the tables, will be available to the world from the English-language website of the JSDT.
Part II. JRDR 2016 annual data report: results and discussion
Chapter 1: Basic demographics Facility dynamics
The 2016 JRDR annual survey was conducted at 4396 facilities nationwide, and responses were obtained from 4336 facilities. The number of responding facilities decreased in 2015 (by 9 facilities, or − 0.2%) but increased again in 2016 (by 15 facilities, or + 0.3%). Although these are strictly numbers of responses rather than response rates, there was a concern that the enhanced anonymization and accompanying discontinuation of paper-based surveys starting from the 2015 JRDR would result in a decreased response rate and the consequent underestimation of the number of dialysis facilities and patients. However, the response rate for facility surveys was 98.6%, whereas patient surveys were able to be collected from 95.2% of all facilities; thus, the response rates were nearly identical to those from previous years. Therefore, a decrease in the number of facilities responding to the surveys does not necessarily mean a substantial decrease in the actual number of dialysis facilities. However, the increase in the number of dialysis patients has recently slowed, and future trends are therefore being noted ( Table 1 ). The 4336 facilities that responded had 135,211 dialysis consoles (an increase of 1673 from the previous year), a simultaneous dialysis treatment capacity of 133,500, and a maximum dialysis treatment capacity of 444,192. Compared to the figures at the end of 2015, these figures represented increases of 1.3, 1.5, and 1.3%, respectively (Tables 1 and 2 ).
Patient dynamics
Based on the facility surveys, a total of 329,608 patients were undergoing chronic dialysis therapy at the end of 2016; this number represents the prevalence of chronic kidney disease patients on dialysis therapy. The number of dialysis patients increased by approximately 10,000 annually through 2005, but this rate of increase has been slowing in recent years. At the end of 2014, the number of dialysis patients had increased by 6010 from the previous year; the number had increased by 4538 at the end of 2015 and by 4623 in 2016 ( Fig. 1 , Additional file 1: Table S1 ). In the figure, the decrease in the number of patients at the end of 1989 is the apparent effect of the unusually low 86% survey response rate that year [2] . In 2012, Nakai et al. [3] predicted that the number of future dialysis patients would decrease after reaching a peak of approximately 348,000 in 2021. The number of dialysis patients per million of the Japanese population is 2596.7, an increase of 39.7 patients from the previous year; this finding means that there is 1 dialysis patient per 385.1 Japanese citizens ( Table 3 ). The population of Japan has been decreasing since 2011; thus, the percentage of dialysis patients in the population has increased yearly. According to the United States Renal Data System, Taiwan has the highest number of dialysis patients per million population worldwide, followed by Japan [9] . Meanwhile, the count of incident dialysis patients represents the incidence of chronic kidney disease patients on dialysis therapy. Although the count of incident dialysis patients showed an upward trend until 2008, it began to decrease in 2009. Since then, faint fluctuations in the patient count have been observed, although the rate has remained largely constant. However, the count of incident dialysis patients in 2015 increased by 1135 from the previous year to 39,462, exceeding 39,000 patients for the first time, and stood at 39,344 in 2016 (Fig. 2 , Additional file 2: Table S2 ). In contrast, the annual count of deceased patients increased every year until 2011 but has since remained mostly constant. In 2015, the deceased patient count was 31,068 and that in 2016 was 31,790 ( Fig. 2 , Additional file 2: Table S2 ). In general, Table 6 Annual crude death rate, 1983-2016 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Crude death rate (%) 9.0 8.9 9.1 9.0 8.5 9.2 7.9 9.6 8.9 9.7 9.4 9.5 9.7 9.4 9.4 9. Crude death rate (%) 9.2 9.3 9.2 9.3 9.4 9.5 9.2 9.4 9.8 9.6 9.8 10.2 10.0 9.8 9.7 9.6 9.7
The above data were obtained from the patient survey the number of patients in a given year should be equal to the number of patients in the previous year plus the incident patient count minus the deceased patient count. However, patients who discontinue dialysis because of a transplant are not counted; in addition, the deceased patient count could be underestimated, whereas the incident patient count could be overestimated. Thus, the numbers do not add up exactly.
Patient count by dialysis modality and prefecture
Starting with the 2015 JRDR, the tabulation method was changed to a method focusing on modalities such as HDF, the use of which has been increasing rapidly. The percentage of each modality was 73.3% for HD, 23.3% for HDF, 0.4% for hemofiltration (HF) and hemoadsorption dialysis, 2.7% for PD, and 0.2% for home hemodialysis (HHD) ( Table 1 ). The total percentage of home dialysis (PD plus HHD) in Japan is 2.9%, which is the lowest in the developed world [9] . The use of HDF, particularly on-line HDF, has dramatically increased since the 2012 revision of the medical reimbursement system; the total number of patients using HDF at the end of 2016 was 76,836, an increase of 21,503 from 2015. The number of PD patients was 9021, which represented a decrease of about 300 from 9322 patients in 2015. About 20.3% PD patients underwent combined therapy with HD, and this percentage has remained largely constant for the past 5 years. The number of HHD patients was 635, which was 63 patients more than that in 2015; although this represents a large rate of increase, the percentage of HHD among all modalities remains small. The number of nighttime dialysis patients was approximately 41,000-42,000 until the 2014 JRDR, but it decreased to 33,370 in 2015 and to 32,431 in 2016. This decrease may have been due to the addition of "Dialysis during hours recognized by insurance (starting after 5:00 pm or ending after 9:00 pm)" to the definition of nighttime dialysis in the 2015 JRDR. The total count of incident dialysis patients was 39,344; of these patients, 95.1% began HD or similar modalities, whereas 4.9% began PD (a decrease from 5.6% in 2015). Until 2014, the numbers of chronic dialysis patients by prefecture were categorized by daytime dialysis, nighttime dialysis, HHD, and PD. However, since the 2015 JRDR, the numbers of chronic dialysis patients by prefecture are now tabulated by detailed modality.
The tabulation of prefectures represents the locations of the facilities rather than those of the patients and thus does not strictly represent patient dynamics by prefecture. There are pronounced differences between regions in the number of patients per modality and per million in the population [10] . These regional differences arise from a massive number of factors that are interrelated in a complex manner; therefore, comparisons of prefectures require great care (Table 4) .
Age, sex, and dialysis vintage of prevalent patients at the end of 2016
In the patient survey, the count of prevalent dialysis patients at the end of 2016 (specifically, the number Table 7 Average age of incident dialysis patients, 1983-2016 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Mean age of the incident dialysis patients The above data were obtained from the patient survey of patients for whom age and sex data were listed) was 319,107; this number is 10,502 patients fewer than, or 96.8% of, the count of 329,609 from the facility surveys. The mean age of the prevalent dialysis patients was 68.15 years, which was 0.29 years higher than that in the previous year ( Table 5 ). The mean age of men was 67.34 years, a 0.27-year increase, whereas the mean age of women was 69.61 years, a 0.33-year increase (Fig. 3 , Additional file 3: Table S3 ). The most common age range for both men and women was 65-69 years.
The number of patients younger than 65 years has been decreasing since 2012, reflecting an increase in age among incident patients. In other words, the increase in chronic dialysis patients in Japan is the result of an increase in patients aged 65 years and older. The percentage of old-old patients (75 years and older) also increased; there were 6095 dialysis patients aged 90 years and older (Fig. 4 , Additional file 4: Table S4 ).
Comparisons of the dialysis vintages of prevalent patients at the end of 2016 by 5-year segments showed that 47.3% of all patients had a dialysis vintage of < 5 years, Table S5 ). The longest dialysis vintage was 48 years and 4 months.
In all dialysis vintage segments, there were more men in terms of absolute numbers; however, the difference became smaller as the dialysis vintage lengthened. Chronic dialysis therapy was first covered by insurance in Japan in 1967; the effects of this coverage and of differences in natural history are thought to result in fluctuations in the male/female ratio. The percentage of patients with vintages < 5 years has gradually decreased every year, whereas the number of patients with long vintages has been increasing; the percentage of patients with vintages of at least 10 years has reached 27.9%. Patients with vintages of 20 years or longer accounted for < 1% of all patients at the end of 1992, but reached 8.3% at the end of 2016 (Fig. 6 , Additional file 6: Table S6 ).
Primary diseases in prevalent patients at the end of 2016
The most common primary disease in prevalent dialysis patients at the end of 2016 was diabetic nephropathy, followed by chronic glomerulonephritis and nephrosclerosis (38.8, 28.8, and 9.9%, respectively). However, 9.8% had an unknown primary disease (Fig. 7 , Additional file 7: Table S7 ). Diabetic nephropathy, which continued to increase in prevalence, is now the most common primary disease since supplanting chronic glomerulonephritis in the 2011 JRDR. Although the prevalence of diabetic nephropathy has continued to increase since 2011, the pace of this increase has slowed somewhat in recent years (Fig. 8 , Additional file 8: Table S8 ). The percentage of chronic glomerulonephritis has been decreasing linearly, whereas the percentages of nephrosclerosis and unknown primary disease have continued to increase. In addition, the percentages of primary diseases such as polycystic kidney disease, chronic pyelonephritis, lupus nephritis, and rapidly progressive glomerulonephritis have remained at approximately the same levels as in previous years.
Causes of death among deceased patients in 2016
In the 2016 facility survey, 31,790 deaths were reported; among these, the sex of the patients and the cause of death were listed in the patient survey for 30,638 patients (96.4%). Among men, the most common cause of death was heart failure (25.1%), followed by infectious disease (22.5%), malignant tumor (10.6%), and cerebrovascular disease (6.3%). Among women, the most common cause of death was heart failure (26.9%), followed by infectious disease (20.8%), malignant tumor (7.9%), and cerebrovascular disease (6.8%). For women, the ranking positions of malignant tumor and cerebrovascular disease were switched from those in 2015. Among all deceased patients, the most common cause of death was heart failure (25.7%), followed by infectious disease (21.9%), malignant tumor (9.7%), and cerebrovascular disease (6.5%). The orders of causes of death by sex and for all patients were unchanged from those in 2015. Cardiovascular disease (heart failure, cerebrovascular disease, and myocardial infarction) accounted for 35.6% of deaths among men, 37.1% among women, and 36.2% overall (Fig. 9 , Additional file 9: Table S9 ).
Concerning changes in the overall causes of death over time, the most common cause of death is heart failure, which has accounted for 26-27% of deaths in the past several years. Death due to infectious disease had been consistently increasing since around 1993 but decreased by 0. Table S10 ). The causeof-death category codes in the JRDR were substantially revised in the 2003 and 2010 surveys. Please refer to the 2010 JRDR report for the details of these revisions [11] . 
Crude death rate
We calculated the annual crude death rate based on the patient dynamics in the facility survey, as follows:
Because incident patients increased in age and included greater numbers of patients with poor prognosis owing to increases in diabetic nephropathy, nephrosclerosis, and similar diseases, the crude death rate has tended to worsen every year. The lowest crude death rate was 7.9% in 1989, a year with a low survey response rate. However, the crude death rate has remained at 9.2-10.2% since 1992, when it reached 9.7% and thus exceeded 9% for the first time; in 2016, the crude death rate was 9.7% (Table 6 ).
Chapter 2: 2016 incident dialysis patient dynamics Age, sex, and dialysis vintage of incident patients in 2016
In the 2016 patient survey, the count of incident dialysis patients with confirmed age and sex was 37,250, which is 2094 patients fewer than, or 94.7% of, the 39,344 patients noted in the facility survey. There were 25,506 men and 11,744 women; as in the previous year, there were approximately twice as many men as women. The mean age of all incident patients was 69.40 years, a 0.20-year increase from the mean age of 69.20 years at the end of 2015. The mean age of men and women was 68.57 and 71.19 years, respectively, which represent increases of 0.20 and Table S11 ).
The mean age of incident dialysis patients has been increasing nearly linearly each year, but the rate of increase has been slowing. The mean age of incident patients in 2016 was 69.4 years, which is 0.2 years higher than that in the previous year (Table 7) .
Primary diseases of incident patients in 2016
The most prevalent primary disease among incident dialysis patients in 2016 was diabetic nephropathy, (43.2% of patients), followed by chronic glomerulonephritis (16.6%) and nephrosclerosis (14.2%); the primary disease was unknown for 12.8% of patients. The prevalence of diabetic nephropathy differed between men (46.2%) and women (36.7%). No sex-based difference was observed for chronic glomerulonephritis or nephrosclerosis. Although male patients outnumbered female patients overall, there were more female than male patients with lupus nephritis and amyloidosis (Fig. 12 , Additional file 12: Table S12). In 1998, diabetic nephropathy supplanted chronic glomerulonephritis as the most common primary disease among incident patients; the distribution of diabetic nephropathy has increased consistently ever since, but it has remained nearly the same in the past few years. Chronic glomerulonephritis has been consistently decreasing, whereas the unknown primary disease has been consistently increasing (Fig. 13 , Additional file 13: Table S13 ).
Causes of death among incident patients in 2016
The most common cause of death among the overall incident dialysis patients in 2016 was infectious disease (26.4%), followed by heart failure (22.1%) and malignant cancer (12.2%). Among male incident dialysis patients was infectious disease (27.4%), followed by heart failure (21.4%), malignant tumor (12.7%), and others (10.0%). Among female incident dialysis patients, the most common cause of death was infectious disease (24.4%), followed by heart failure (23.5%), others (12.7%), and malignant tumor (11.1%) (Fig. 14 , Additional file 14: Table S14 ).
In the 1990s, the most common cause of death among incident dialysis patients was heart failure. However, the distribution of infectious disease increased gradually, reaching and surpassing the percentage of heart failure during the year 2000. In 2016, infectious disease remained the most common cause of death among incident dialysis patients (26.4%), followed by heart failure (22.1%). The subsequent order of malignant tumor 12.2%), cerebrovascular disease (5.9%), and myocardial infarction (2.9%) has remained unchanged. Over the long term, the percentages of deaths due to cerebrovascular disease and myocardial infarction have been declining, whereas the percentages of deaths due to infectious disease and malignant tumor have been increasing (Fig. 15 , Additional file 15: Table S15 ).
Chapter 3: Dialysis fluid quality management Overview
Since 2006, the JRDR has conducted a survey on microbiological quality and management of dialysis fluid. Based on the results, the standards for dialysis fluid microbiological quality were revised in 2008 [12] , and further standards for biochemical contamination were added in 2016 [13] . In these standards, dialysis fluid microbiological quality is recommended to be assessed both by ET concentration and TVC, which are both evaluated a minimum of once monthly. At least one dialysis console is tested each month, and all consoles are tested a minimum of once annually. The required minimum quality for standard dialysis fluid used in dialysis therapy was defined as an ET concentration of < 0.05 EU/mL and a TVC of < 100 cfu/mL. Furthermore, we recommended the use of ultrapure dialysis fluid (UPD) for all dialysis therapy; UPD is defined as having an ET concentration of < 0.001 EU/mL (less than the measurement sensitivity) and a TVC of < 0.1 cfu/mL. At the time these standards were adopted, as well as in 2016, they were the strictest quality standards for dialysis fluid worldwide. Furthermore, in the 2010 revision of the medical reimbursement system, dialysis fluid quality was added; as a result, dialysis fluid quality control dramatically improved after the 2010 JRDR [10] . In 2015, dialysis fluid ET concentration and patient prognosis were analyzed using JRDR data; the patient group being treated at facilities with a dialysis fluid ET concentration < 0.001 EU/mL was found to have a higher 1-year survival rate than the patient group undergoing treatment at facilities with a concentration of ≥ 0.100 EU/mL [14] . 
Dialysis fluid endotoxin testing
According to the JSDT standard, dialysis fluid endotoxin (ET) concentration is assayed using Limulus tests [12] . In Japan, these ET assay systems are commercially available at a relatively low cost and widely used. However, this situation is rather rare globally.
A total of 4318 facilities had at least one dialysis console; 4254 of these facilities (98.5%) stated their dialysis fluid ET test frequency. Of these 4254 facilities, 3526 facilities (82.9%) met the JSDT standard of testing dialysis fluid for ET at least once monthly (Fig. 16 , Additional file 16: Table S16 ). Responses about dialysis fluid ET concentration were obtained from 4144 facilities (96.0%). A total of 3406 facilities (82.2%) reached a concentration of < 0.001 EU/mL, which qualifies as UPD, and 4025 facilities (97.1%) reached a concentration of < 0.050 EU/mL, which qualifies as standard dialysis fluid (Fig. 17 , Additional file 16: Table S16 ).
In 2008, when the JSDT standards for dialysis fluid were enacted, only 33.1% of dialysis fluid ET tests met these standards; however, this percentage improved to 70.6% in 2010, when payments for dialysis fluid quality management were added to the medical reimbursement system, and has been gradually increasing since (Fig. 18 , Additional file 17: Table S17 ). The levels of dialysis fluid ET concentration qualifying as UPD and as standard dialysis fluid have both increased over time (Fig. 19 , Additional file 18: Table  S18 ). The absence of values for dialysis fluid ET concentration in 2008 is due to the switch in the unit of dialysis fluid ET concentration from EU/L to EU/mL based on international rules in the survey that year, resulting in many incorrect entries.
Dialysis fluid total viable microbial count testing
The JSDT standards for dialysis fluid stipulate that dialysis fluid total viable microbial count (TVC) is to be assessed as the number of bacterial colonies formed after culturing for 7 days at 17-23°C on a heterotrophic agar plate medium, as described below [12] . A total of 4239 facilities (98.1%) stated how frequently they assay the TVC of dialysis fluid; of these 4239 facilities, 3276 facilities (77.3%) met the JSDT standard of performing assays at least once per month (Fig. 20 , Additional file 19: Table S19 ). A total of 4015 facilities (93.0%) stated the TVC of their dialysis fluid; of these 4015 facilities, 3057 facilities (76.1%) reached a TVC of < 0.1 cfu/mL, which qualifies as UPD, and 3987 facilities (99.3%) reached a TVC of < 100 cfu/mL, which qualifies as standard dialysis fluid (Fig. 21 , Additional file 19: Table S19 ).
The frequency of TVC testing has increased over time; although this frequency improved in 2010, as did the frequency of ET assays, TVC testing has always been performed slightly less frequently than ET assays (Fig. 22 , Additional file 20: Table S20 ). As with dialysis fluid ET concentrations, the levels of TVC qualifying as UPD and as standard dialysis fluid have increased over time (Fig. 23 , Additional file 21: Table S21 ).
As described above, the JSDT standards for dialysis fluid recommend the use of a certified bacterial culture medium such as Reasoner's no. 2 agar (R2A), tryptone glucose extract agar (TGEA), or one with a similar sensitivity [12] . In general, in methods using an agar plate medium, a 0.5-mL sampling volume is the minimum volume that guarantees a TVC of 100 cfu/mL, which qualifies as standard dialysis fluid. However, the UPD standard is < 0.1 cfu/mL; to meet this standard, a minimum of 10 mL dialysis fluid must be sampled and then cultured after being strained through a membrane filter. Therefore, the JRDR examines both the culture medium and the sampling volume.
In the 2015 JRDR, 3926 of 4318 facilities (91.0%) stated the medium they used for TCV testing. Of these facilities, 57.9% used R2A and 30.1% used TGEA; altogether, 88.0% of the facilities met the JSDT standard (Fig. 24 , Additional file 22: Table S22 ). Of 4303 facilities, 4042 (93.9%) stated the dialysis fluid sampling volume used for TVC testing. In the 2016 survey, 80.9% of facilities sampled 10 mL or more dialysis fluid, thereby qualifying as UPD (Fig. 25 , Additional file 22: Table S22 ). Values in parentheses under each figure represent the percentage relative to the subtotal in each row. The above data were obtained from the facility survey Abbreviations: ETRF endotoxin retentive filter
The use of R2A has been decreasing over time, whereas the use of TGEA has been increasing. Thus, the percentage of facilities that meet the JSDT standard has increased overall (Fig. 26 , Additional file 23: Table S23 ). The percentage of facilities that use a level of sampling volume that qualifies as UPD has also been increasing over time (Fig. 27 , Additional file 24: Table S24 ).
Use of endotoxin retentive filters (ETRFs)
The appropriate use of an ETRF is essential for preparing dialysis fluid that remains consistently clean. To that end, the JSDT enacted a standard for ETRF management in 2011 [15] .
Of the 4318 facilities with at least one dialysis console, 4316 facilities (99.9%) provided responses about ETRF installation. Among these 4316 facilities, 4204 facilities (97.4%) had installed an ETRF in one or more dialysis consoles. Of the 135,211 dialysis consoles installed at the abovementioned 4316 facilities, 124,705 consoles (92.3%) had an ETRF installed (Tables 8 and 9 ). The percentage of facilities meeting the UPD standard (ET concentration < 0.001 EU/mL and TVC < 0.1 cfu/mL) was higher among facilities that use an ETRF during sampling than those that do not (Fig. 28 , Additional file 25: Table S25 , Fig. 29 , Additional file 26: Table S26 ). In general, unless the contamination of dialysis fluid immediately before the ETRF is extremely high, it is theoretically possible to reach the UPD standard for both ET and TVC by passing the dialysis fluid through the ETRF once. However, despite the use of an ETRF, the UPD standards for ET concentration and TVC were not met by 16.9 and 22.7% of the facilities, respectively. These results suggest that although the spread of ETRF use has contributed to the cleanliness of dialysis fluid, there are still issues, such as the handling of ETRFs, that inhibit the achievement of the UPD standard [16] .
Overall evaluation of the microbiological quality of dialysis fluid
The JSDT standard stipulates that for the microbiological quality of dialysis fluid to qualify as UPD or standard dialysis fluid, the specified levels for both dialysis fluid ET concentration and TVC must be met simultaneously [11, 12] . Of 4318 facilities, 4008 (92.8%) stated both their dialysis fluid ET concentration and TVC. These included 2863 facilities (71.4%) that achieved UPD status and 3888 facilities (97.0%) that achieved standard dialysis fluid status (Fig. 30 , Additional file 27: Table S27 ). The rates of achievement of the UPD and Table S28 ). Table S29 ). Of these 74,799 HDF patients, 48,291 (64.6%) were men and 26,508 (35.4%) were women (Table 10 ). The mean age was 65.4 years for men and 67.5 years for women, and the most common age group for both men and women was 65-69 years. These distributions and trends resembled those of HD patients, and it was shown that HDF was being performed for a wide range of ages. The distribution of dialysis vintages was largely the same as that for HD patients (Table 11) . Men tended to be more numerous in each age group, although the numbers of male and female patients with dialysis vintages of 25 years or longer were nearly identical. The major primary diseases of HDF patients were diabetic nephropathy (35.8%) and chronic glomerulonephritis (32.8%). Thus, as with HD patients, the percentage of diabetic nephropathy was high, whereas the percentage of chronic glomerulonephritis was low (Table 12) .
HDF modalities
The most common HDF modality in 2016 was on-line HDF, which accounted for 59,116 patients (79.0% of all HDF patients) (Fig. 32 , Additional file 29: Table S29 ). Until 2011, the major HDF modality was off-line HDF; however, since 2012, on-line HDF has been the major modality and its use has increased tremendously. In contrast, the number of off-line HDF patients has been decreasing yearly. In 2015, IHDF was added to the survey items and has been trending upward, with 10,728 patients at the end of 2016 (14.3% of all HDF patients).
Among all patients and all dialysis modalities (including detailed HDF modalities), the percentage of HDF tended to increase as the dialysis vintage lengthened (Fig. 33 , Additional file 30: Table S30 ). The percentages of both on-line and off-line HDF tended to increase as the dialysis vintage lengthened. Among all the groups, IHDF accounted for about 2-3% of all patients. As the dialysis vintage lengthened, the percentage of PD decreased, whereas the percentage of hemoadsorption dialysis tended to increase; hemoadsorption dialysis was performed in 11.5% of all patients with dialysis vintages of at least 40 years.
HDF prescriptions
The HDF prescriptions consisted of the four possible combinations of on-line/off-line HDF and the dilution method (pre-dilution and post-dilution). The most common combination was on-line HDF/pre-dilution (48,457 patients), The above data were obtained from the patient survey whereas the least common combination was off-line HDF/ pre-dilution (501 patients). The blood flow rate in on-line HDF tended to be higher than that in off-line HDF; however, there was no difference in blood flow rate between pre-dilution and post-dilution (Fig. 34 , Additional file 31: Table S31 ). The on-line HDF/pre-dilution combination had the highest blood flow rate, with a mean of 229 mL/min; in this combination, > 50% of patients demonstrated a blood flow rate of 220 mL/min or higher, whereas 9.1% of patients demonstrated a blood flow rate of 300 mL/min or higher. On-line HDF was found to involve a longer dialysis time (Fig. 35 , Additional file 32: Table S32 ). The highest substitution volume was observed in the on-line HDF/pre-dilution combination (mean, 39.9 L), whereas the on-line HDF/post-dilution combination had a substitution volume of 10.2 L (Fig. 36 , Additional file 33: Table S33 ). In off-line HDF, the substitution volume in pre-dilution and post-dilution was 12.0 and 8.0 L, respectively. There were no changes in substitution volume or its distribution over time in on-line HDF/pre-dilution or on-line HDF/post-dilution. In contrast, the substitution volume for the off-line HDF/pre-dilution combination exhibited a slight upward trend yearly. The substitution volume for the off-line HDF/post-dilution has remained at around 8.0 L.
Comparison of HDF patients and in-center HD patients
We compared the background factors and treatment indices of HDF patients with those of in-center HD patients by using on-line versus off-line and by dilution methods (Table 13 ). HDF patients did not demonstrate evident sex differences but were younger and tended to have longer dialysis vintages than in-center HD patients. The prevalence of diabetic nephropathy as a primary disease among HDF patients was lower than that among in-center HD patients. The dialysis time was around 4 h for in-center HD patients and HDF patients in all HDF modalities. The blood flow rate in HDF patients was relatively high, which may be due to factors such as age differences between the patients. Although small-molecule clearance generally decreased at high rates of pre-dilution, we found no difference in single-pool Kt/V urea (Kt/Vsp) between HD and HDF or between dilution modalities. This could be due to the slightly higher values for dialysis time and blood flow rate for the on-line HDF/pre-dilution combination, which involves a large substitution volume, than for in-center HD.
As for nutritional status indices, there were no evident differences between HDF and HD in serum albumin levels or nPCR. Creatinine levels and %CGR were higher with in on-line HDF/pre-dilution and post-dilution than in HD and roughly equivalent between HD and off-line HDF/pre-dilution and post-dilution. The CRP levels tended to be lower for on-line HDF/pre-dilution and post-dilution than in HD.
As treatment indicators for chronic kidney diseasemineral and bone disorder, the corrected calcium levels and intact PTH levels did not differ between modalities. Phosphorus levels were high with on-line HDF/pre-dilution and post-dilution. As for total cholesterol levels and hemoglobin levels, there were no evident differences between treatment modalities.
The differences in clinical indices between HDF patients and in-center HD patients may be due to selection bias such as patient age.
Chapter 5: peritoneal dialysis (PD) PD patient dynamics
According to the facility survey, there were 9021 PD patients in 2016. The variations of PD therapy were PD only and combination with HD once weekly, twice weekly, thrice weekly, and other combinations; the number of patients in each modality was 7190, 1560, 169, 38, and 64, respectively (Table 1) . Although the total number of PD patients has been gradually decreasing since 2009, it must be noted that because the JRDR survey mainly targets facilities performing HD, PD patients treated at other facilities may not be included (Fig. 37 , Additional file 34: Table S34 ). In 2015, we began to investigate the number of incident PD patients, which decreased from 2197 in 2015 to 1946 in 2016. There were 8693 patients undergoing PD (including in combination with HD) in the patient survey; these patients consisted of 5655 (65.1%) men and 3038 (34.9%) women with mean ages of 62.96 and 63.41 years, respectively (Table 14) . The age distribution peaked at 60-74 years, which was the same trend as with HD patients. Of all patients currently undergoing PD, 44.2% had vintages of < 2 years whereas 7.1% had vintages of 8 years or longer (Table 15 ). Diabetic nephropathy was the primary disease in 31.9% of PD patients, which was nearly equal to the 31.0% PD patients with chronic glomerulonephritis as the primary disease (Table 16 ). The percentage of diabetic nephropathy in PD patients was lower than that in HD patients.
PD + HD combined therapy
Of the 8693 PD patients for whom responses were provided in the 2016 patient survey, the number of patients undergoing PD alone was 6931 (79.7%), and this number has remained virtually unchanged since 2009 (Fig. 38 , Additional file 35: Table S35 ). Only 3.4% of patients with PD vintages < 2 years were undergoing combined therapy with HD(F); however, the percentage of combined therapy increased as the PD vintages lengthened, increasing to 53.1% of patients with PD vintages of at least 8 years (Fig. 39 , Additional file 36: Table S36 ). Most patients undergoing combined therapy did so once a week as 84.9% of all combined therapy patients.
PD prescriptions
PD prescriptions were examined for the 6931 patients undergoing PD alone according to the patient survey. Of these 6931 patients, responses about the daily PD fluid volume were obtained for 4476 patients (64.6%). The mean PD fluid volume for men and women was 6.59 and 5.69 L, respectively. The PD fluid volume decreased as age increased (Fig. 40 , Additional file 37: Table S37 ) and increased as PD vintages lengthened (Fig. 41 , Additional file 38: Table S38 ). The daily PD treatment time was stated for 4393 patients (63.4%); there was no evident difference based on sex (men 18.0 h, women 17.7 h) or age (Fig. 42 , Additional file 39: Table  S39 ). In contrast, longer PD vintages were correlated with longer PD treatment times; 74.9% of all patients with a PD vintage of 8 years or longer had a daily PD treatment time of 24 h (Fig. 43 , Additional file 40: Table S40 ).
Responses about the use of APD were received for 4672 patients (67.4%), 41.9% of whom had undergone APD (Table 17 ). Responses about changing the maneuver of PD fluid were received for 4640 patients (66.9%); UV sterilization connecting devices, completely manual methods, and thermal sterilization connecting devices were used for 53.4, 27.1, and 16.7% of these patients, respectively (Table 18 ).
Residual kidney function (urine volume and residual kidney Kt/V)
Residual kidney function was evaluated by residual kidney Kt/V and urine volume for the 6931 patients undergoing PD alone. Mean urine volume responses were obtained for 3825 patients (55.2%), which represents a slightly lower response rate than those for the other questions about PD discussed above. The mean urine volume for men and women was 778 and 665 mL, respectively (Fig. 44 , Additional file 41: Table S41 ). There were no evident differences by age, but urine volume decreased as PD vintage increased; 60.0% of patients with a PD vintage of 8 years or longer had a urine volume of < 100 mL (Fig. 45 , Additional file 42: Table S42 ).
Residual kidney Kt/V responses were obtained for 2070 patients; the mean was 0.65 for men and 0.61 for women (Fig. 46 , Additional file 43: Table S43 ). There were no evident differences by age, but residual kidney Kt/V showed a downward trend as the PD vintage lengthened (Fig. 47 , Additional file 44: Table S44 ); 83.1% of patients with a PD vintage of 8 years or longer had a residual renal Kt/V of < 0.4.
PD dose (ultrafiltration volume and PD Kt/V)
The PD dose was evaluated by ultrafiltration volume and PD Kt/V for 6931 patients undergoing PD alone. Mean ultrafiltration volume responses were obtained for 4383 patients (63.2%). The mean ultrafiltration volume for men and women was 632 and 582 mL, respectively (Fig. 48 , Additional file 45: Table S45 ). There were no evident differences by age, but ultrafiltration volume showed an upward trend as the PD vintage lengthened; 55.6% of patients with a PD vintage of 8 years or longer had an ultrafiltration volume of 800 mL or more (Fig. 49 , Additional file 46: Table S46 ).
Mean PD Kt/V responses were obtained for 2238 patients (32.3%). The mean PD Kt/V for men and women was 1.17 and 1.32, respectively; thus, women tended to have higher values, but there were no evident tendencies by age (Fig. 50 , Additional file 47: Table S47 ). PD Kt/V also showed an upward trend as PD vintage lengthened; 63.8% of patients with a PD vintage of 8 years or longer had a PD Kt/V of 1.6 or more (Fig. 51 , Additional file 48: Table S48 ). Values in parentheses under each figure represent the percentage relative to the total in each column. The above data were obtained from the patient survey Abbreviation: PD peritoneal dialysis
PET and D/P Cr ratio
The JSDT PD guideline recommends evaluating peritoneal function with peritoneal equilibration test (PET) once or twice a year [17] . The JRDR investigated "with or without" of PET and the dialysate/peritoneal creatinine (D/P Cr) ratio. Among patients undergoing PD alone, a PET was performed for 45.9% of patients, whereas only fast PET 1 was performed for 18.1% of patients, and no PET was performed for 36.0% of patients (Table 19 ). The mean D/P Cr ratio for men and women was 0.67 and 0.65, respectively; thus, there was no sex-based difference, but an upward trend was observed as the age increased (Fig. 52 , Additional file 49: Table S49 ). No consistent trend was seen in the D/P Cr ratio by PD vintage, but the ratio decreased slightly to 0.63 among patients with a PD vintage of 8 years or longer (Fig. 53 , Additional file 50: Table S50 ). The D/P Cr ratio by primary disease was high, 0.68, for both diabetic nephropathy and nephrosclerosis (Fig. 54 , Additional file 51: Table S51 ).
Peritonitis and exit-site infections
Peritonitis and catheter exit-site infections (ESIs) are major complications of PD and are therefore key factors that reduce PD continuation rates. The International Society for Peritoneal Dialysis (ISPD) guideline recommends monitoring the incidence of peritonitis as part of a continuous quality improvement program [18] . Peritonitis is defined as a white blood cell count of 100/μL (at least 50% neutrophils) in PD drainage fluid; the peritonitis rate per patient-year was calculated based on the ISPD guideline using the formula below. ESIs were defined as evident drainage of pus.
Peritonitis rate ¼ peritonitis episodes in 2016
Ä total months in 2016 on PD=12:
Of the 6931 patients undergoing PD alone, responses about peritonitis episodes were obtained from 4406 (63.6%); peritonitis was observed at least once during the year in 14.5% of patients (Fig. 55 , Additional file 52: Table  S52 ). Among the 4406 patients for whom responses were obtained, the peritonitis rate was 0.24 per patient-year, which was the same as in 2015. Men had a rate of 0.26 episodes/patient-year, whereas women had a rate of 0.22 episodes/patient-year; thus, the peritonitis rate was slightly higher among men (Fig. 56 , Additional file 53: Table S53 ). Patients younger than 45 years had a peritonitis rate of 0.21 episodes/patient-year, versus a rate of 0.30 episodes/ patient-year among patients aged 75 years and older; thus, the peritonitis rate tended to increase with age (Fig. 57 , Additional file 54: Table S54 ). No consistent trend was found between peritonitis onset and PD vintage (Fig. 58 , Additional file 55: Table S55 ). In addition, there was no evident difference in peritonitis rate by primary disease (Fig. 59 , Additional file 56: Table S56 ).
Responses about ESIs were obtained from 4391 patients (63.4%), 19.7% of whom had at least one ESI during the year (Fig. 60 , Additional file 57: Table S57 ).
History of EPS
Encapsulating peritoneal sclerosis (EPS) is a serious complication of PD; responses about a history of EPS and details of treatment were obtained for 13,025 patients who are currently undergoing PD or have a history of PD. We found that 696 (5.3%) of these patients had a history of EPS; of these patients, 83.6% had a history of steroid use and 77.7% had a history of ablative surgery (Table 20) . Of these 696 patients with a history of EPS, there were 418 men (60.1%) and 278 women Values in parentheses under each figure represent the percentage relative to the subtotal in each row. The above data were obtained from the patient survey. Population: PD patients excluding PD + HD combination Abbreviations: APD automated peritoneal dialysis, CAPD continuous peritoneal dialysis, HD hemodialysis, PD peritoneal dialysis Values in parentheses under each figure represent the percentage relative to the subtotal in each row. The above data were obtained from the patient survey. Population: PD patients excluding PD + HD combination Abbreviations: HD hemodialysis, PD peritoneal dialysis, EPS encapsulating peritoneal sclerosis (39.9%), and the age distribution was nearly identical to that of overall PD patients (Fig. 61 , Additional file 58: Table S58 ). The frequency of EPS increased as the PD vintage lengthened; 511 patients with a history of EPS had a PD vintage of at least 8 years (Fig. 62 , Additional file 59: Table S59 ).
Conclusion
To summarize the 2016 JRDR results, the number of chronic dialysis patients and dialysis facilities in Japan continued to increase, but the rate of increase has been gradually declining. The percentage of home dialysis combined with PD and HHD remained low at 3.0%, and PD in particular exhibited a downward trend. Amidst calls for promoting regional comprehensive care and the necessity for home treatment as dialysis patients become older, we believe that a balanced selection of dialysis modalities is necessary. For in-center HD therapy, the number of on-line HDF patients has increased rapidly since the 2012 revision of the medical reimbursement system; HDF treatment overall now represents approximately one fourth of all in-center dialysis patients. Going forward, it will be necessary to use the JRDR data to analyze the relationships between different types of treatment variations, patient care, survival outcomes, and incidence of complications to formulate evidencebased treatment plans and revise the medical reimbursement system.
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